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UDWHRI WKHFOD\EHLQJVWXGLHGDQG WKH VHFRQGH[SHULPHQWZDV WRREWDLQ WKHGLVSODFHPHQWYHFWRUVDV WKH VSHFLPHQ
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1XPHULFDOVLPXODWLRQRIGU\LQJSURFHVVZDVFDUULHGRXWZLWKWKHDVVXPSWLRQWKDWWKHGLVWULEXWLRQRIPRLVWXUHDQG
WHPSHUDWXUH LQ GLIIHUHQW ]RQHV RI WKH SDUW LV XQLIRUP)LFN¶V ODZRI GLIIXVLRQ FDQEH XVHG WRPRGHO WKHPRLVWXUH
PRYHPHQWZLWKLQFHUDPLFGXULQJGU\LQJ7KHJHQHUDOIRUPRIWKLVODZFDQEHZULWWHQDV
  
   
0 0 0 0'
W [ \ ]







   
7 7 7 7
W [ \ ]D
w w w w  w w w w 

%\JHQHUDOL]DWLRQWKHPDVVWUDQVIHUSUREOHPFDQEHFRQYHUWHGWRDKHDWWUDQVIHUSUREOHP%\WKLVDSSURDFKDQG
XVLQJ WKH PRLVWXUH GLIIXVLRQ FRHIILFLHQW REWDLQHG H[SHULPHQWDOO\ WKH SUREOHP FDQ EH WDFNOHG 7R GHWHUPLQH WKH






P P ʌ'W   ʌ H[SP P /
   







DOORZD FRPSDULVRQEHWZHHQ WKH VLPXODWLRQ UHVXOWV GU\LQJEHKDYLRXU VWUHVV FRQFHQWUDWLRQ ORFDWLRQGLVSODFHPHQW
FRQWRXUV HWF DQG VLPLODU UHVXOWV LQ H[SHULPHQWDO EHKDYLRXU RI PRGHO DQG WR GLVFXVV WKH HUURU YDOXHV PRGHO
PLVPDWFKRUHYHQWKHVRXUFHRIHUURULQGLIIHUHQWWLPHLQWHUYDOV
$IWHUFRPSOHWLRQRI WKHILUVWH[SHULPHQWVGU\LQJEHKDYLRXU LQYHVWLJDWLRQ WKHGDWDUHFRUGHGDW WKLVVWDJHZHUH
DQDO\VHG7KH FHUDPLF GU\LQJ SURFHVV VLPXODWLRQZDV FDUULHG RXW XVLQJ ILQLWH HOHPHQW DQDO\VLV DVVXPLQJ RI
UHODWLYHPRLVWXUH IRU WKH HQYLURQPHQW DQG RI DEVROXWHPRLVWXUH GU\ EDVHG IRU  & DQG RI DEVROXWH
PRLVWXUHGU\EDVHGIRU&7KHGLDJUDPVUHJDUGLQJWKHPRLVWXUHFKDQJHGXULQJWKHGU\LQJLQWHUYDODW&IRU
GLIIHUHQWQRGHVRI WKHSDUW LV LOOXVWUDWHG LQ)LJ%\FRPSDULQJ WKHH[SHULPHQWDOGU\LQJGLDJUDPZLWK VLPXODWHG
UHVXOWVDVGHSLFWHGLQ)LJLWFDQEHIRXQGWKDWWKHH[SHULPHQWDODQGVLPXODWLRQGLDJUDPVDUHSUHFLVHO\WKHVDPHLQ
VRPHWLPHLQWHUYDOV$WWKHILUVWVWDJHRIGU\LQJVLPXODWLRQUHVXOWVVKRZKLJKHUUDWHRIPRLVWXUHUHGXFWLRQWKDQWKH









DUH H[DFWO\ LGHQWLFDO ,W FDQ EH VDLG WKDW WKH PRLVWXUH FRQWHQW SHUFHQWDJH DQG LWV GHFUHDVH UDWH LOOXVWUDWHG LQ
H[SHULPHQWDOGLDJUDPPRLVWXUHSHUFHQWDJHLVDFWXDOO\WKHPHDQPRLVWXUHFRQWHQWUHGXFWLRQRIWKHZKROHSDUW7KDW
LVPRLVWXUHSHUFHQWDJHLQWLPHLQWHUYDOVLQGLIIHUHQW]RQHVRIWKHSDUWLVYDULDEOHPRLVWXUHKLJKLQWKHFHQWUHDQGORZ
RQ WKH VXUIDFH7KHGLDJUDPSORWWHG WKURXJK WKH VLPXODWHGGDWDZDVREWDLQHGE\DYHUDJLQJ WKHYDOXHVRI VHYHUDO
SRLQWVWDNHQIURPYDULRXV]RQHVRIWKHSDUW7KLVFDQEHDWWULEXWHGWRVRPHPLVPDWFKEHWZHHQWKHWZRUHVXOWV
6WUHVV$QDO\VLV










DSSHDUDQFH WLPH LVZKHQ WKHVWUHVVHVUHDFK WKHLUPD[LPXPYDOXH7KH WLPHFRUUHVSRQGLQJ WR WKHPD[LPXPVWUHVV







































































stress at 35 degree
stress at 75 degree




)URP ILJXUHV  LW LV REYLRXV WKDW WKH GLVSODFHPHQW LQ WKH FRUQHUV LV PRUH WKDQ HOVHZKHUH DQG WKLV LV QDWXUDO
EHFDXVHWKHFRUQHUSRLQWVDUHVXEMHFWHGWRHYDSRUDWLRQIURPERWKVLGHVDQGORVHWKHLUPRLVWXUHVRRQHU&RPSDULQJ




QRWJUHDW$FFRUGLQJ WR WKHH[SHULPHQWDO DQG VLPXODWLRQ UHVXOWV LW FDQEH IRXQG WKDW WKHPD[LPXPGLVSODFHPHQWV
RFFXU LQ WKH FRUQHUV RI FHUDPLF SDUW DQG WKH YDOXH GHFOLQHV IURP WKH SDUW




GU\LQJ UDWH VKULQNDJH DQG VWUHVVZHUH VWXGLHGERWKQXPHULFDOO\DQGH[SHULPHQWDOO\7KH VLPXODWHG UHVXOWV DUH LQ
JRRG DJUHHPHQW ZLWK H[SHULPHQWV KHQFH WKH PRGHO PD\ EH XVHG IRU IXUWKHU LQYHVWLJDWLRQ DQG KRZHYHU RWKHU
IDFWRUV LQFOXGLQJ WKH FKDQJH RI PHFKDQLFDO SURSHUWLHV RI PDWHULDO GXULQJ GU\LQJ VKRXOG EH FRQVLGHUHG WR EHWWHU
PRGHOLQJRIWKHSURFHVV
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